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(54) LIVING RADICAL POLYMERIZATION INITIATOR SYSTEM AND METHOD FOR PRODUCING 

POLYMER USING THE SYSTEM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a living radical polymerization initiator system applicable to 
a wide range in terms of the kinds and combinations of radically polymerizable monomers and 
capable of easily and more quickly producing a polymer having narrow molecular weight distribution 
while controlling the molecular weight. 

SOLUTION: The living radical polymerization initiator system is composed of (A) a 
halogenopentamethyl cyciopentadienyi bis(triarylphosphine) ruthenium, (B) an Qt -halogenocarbonyl 
compound or an Of-halogenocarboxylic acid ester and (C) an amine. 
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x " ;uex ( h'JT'J— ;U^X7-f» A ; 

(B) ar-/\P^y*;U7t?-;Mb^ttXI* ff-/\P^rV*M^8x7f;i/;M(c) 

flf$0)fBB 



[li^IIH TfE(7)j£#(AK (B)SU~(C):(A)/\P^rV^>^^;Uv^P^>^vX 

- ;utfx ( h'JT'J— ;U7t^7-r» ;bf-OA ; 

(B) a-/\P>rV*;U/tx-;Mb^X[* a-/\P^M^8i7f;kSr;(c) 

CS**2] ^MA)^pp^>^>^uv^p^>^vx-;ue'x(h i J-7 i ;-;u^x 

[81**5] ^v*;uS^ttmM^^x^u>^m*^, ***wua*x7rf;u;&tf7 
^uigxx^ufrb^ilfrb^^ 

[!i*i!7] ^fUVMif*:, ^^^'J^itxxx^^t/T^'j^lixxx^^b^ 
flfrbStf^li^Hb^ 



[0001] 
[0002] 



jAt5SI(7)mM^(7)fI^I[zib-<T, ^S<Dt,(Dlz|Sb*iSfcfe, 7-7h>S^ N 
(D^V^yUti^lJ^fflL^tCDCMacromolecules, vol. 27, 7228(1 994)) s ^i|/\P^> 

Amom^m^itt, mi&imm, ^ -?x-;ux^;i^pijKfo&iM£x^;u-2 

fflL^7it(7)^^^i^^tlTL^'g)(Macromolecules, vol. 28, 1721(1995); J. Am. Chem. 
Soc, 117, 5614(1995); ftmW- 8-41 1 17 g-208616 ^$gH#BS) 0 

[0005] 

[#g^^L£d£«IIM]^^ 

nm^^mLmiHitt^t^ti^mmt)^. tot, -oo)ue>^>^;u 

[0007]##PJ[£, #^m£»LOO, ^M^^t(7)^l^v7d;uS^^^^[c 
[0008] 

[IIM^¥^1-^7cfe(7)¥IS]*^0^#bl*,^#]im<tLT^^(7);U7 L -^A 
m^MIRL,^(7)^^(7);Ux-^AIt^^^^0^^/\p^b^7it;^^(7)S 

mtmtm^^x^y^V'±^m^m^m^m^^z:tiz^)±^o 



[0009]IP*>*#gem N T!5(7)j£#(AK (B)RXS(C) : (A)/\P>f/^>^^^;Uv<7 

(b) a-/\p>f/*;U7^-;Mb^^X[i a -/\p>bV;b;u^>lixxx;U;;&t;(c) 

[001 0]£fc, ±^0 l je>^v*^m^lfl$^lJ^(7)#STT:\ 

[001 1 ^M^&fzfcivt, ^v*;bm^t4m«^<tLr^d:<<tt-fI(7) 

[0012] 

[f§ 0j (7) mfeo ff^tj] j^t m zmm izmwt& „ 

&mu^W\n^itty(m£mtem(mft(B))tLX a-j\u?;-h)\,i£-Mt 
i^Xte a-/\p>fV*;U7H>ltxxx;u^fflL, S14<bSiJ£LT75>(j*#(c)) 

[ooi4]*^0j[zfcLNT(i,^MA)0a?f#Mm<tLr/\p^V^>^^;uv^ 
p/O^^x-^exChUT'J-^^x^^);^-^^^^^^, ^'ki&jltf) 
;Ux-^A[z^1-^IB^T(7)-o^fc^^>^^^;Uv^P^>^vx-;i,S^a) 

^+^[z(iiiji)c^ e i:<^o ^(DUGI*. ^>^^;Uv^P^>^^x-;u^3lJt 

[00l5]^MA)(D$?*L^mfffl<tLTIi,^PP^>^^^Uv^P^>^vx-;u 

(B) (7) a-/\p>bV;b;U7K-;Mb^XI£ a-nP^iUf>iiXfj^ffl 

« 0 

[0017]^(B)^ a-/\n?/±j\,7$-MtGmT-fo&mGs*(DK&L^M:i*m 
tLX2, 2-v<7PP-7-trh^x/> s 1, 1— v^7PP7i?h>^^lf-g)^<t^^-g)o 
*fc,J*^(B)^ a-/\p^V±i;u^itxxx;i,T:-fe^li^^(7)^U^ffl 
<tLT2-^P^-2-^;U?°P/^>i£x^;K2-<7PP-2, 4, 4-h l ,W;K/;U 
2-ex(a-^p^°Pt°^--;ix7l-^v)x^>^^if^^ < i:^ 

(C) a>75>*ftffl-r*o -€-0)J:3^75>tLT[*s ^;i>75X i^;i/75X 7°Pt° 



-^75>, HJ^I/TSX MJx^;U75X h'J^P tf;U75>> h'J-fV^P t°;U75 
X h'J^;U75>^(7)Ii^j^BHM75>^(7)Ii^j^T=>; N, N, N', N'-fh7 
p(^;UX^U>i;-75> N N, N, N', N", N'-^O^^^vX^U^hUTS^, 1 , 1, 

4, 7, io, ^o-^^^)\,w)JL^^^T^mm^m%^)T^■,T-^■ 

j£<fc&^fljb<&30)T% ^(Aji^lBXOtMliO. 05:1-1 : 1(7) ffiffl^fc 
(B) :^MC)(D^;UJ;b[i1 : 1 ~1 : 10(DlEllll*IT?fe^Z(t^?SLLN o 

[0021 *«w<D , Jtf>^e?*;us^BBi&ffl**ftffl«s^ft:(ftS^ft 
[oo22]C(DM^;S(i,S*^(3(i^0^0'je>^v^;i,S^lf1^iJ^a)# 

n)^^ii^^^T:^,$b[3SM¥^^M/il¥^^M(Mw/Mn)^a 

^s^m^^i [3iaLN{it<fr^c<t^-e^^o tot, m$<D&?tmz s mm 

mz, -mmM±(Dmmit^m^^x, ^VA&ms&ftvx&ft+w&MW 
l^m^^i izmmttzzttfvzzo ztz, m-mmtLx-mmommfo 

msfoomittfx^&c *<d&* mmz&=&&&L<\t*ft&±<D&mx-M&#iiz. 

^(i^ia±(7)T;u^p^<7ftS^f^S^-r^-<t^'e^o 

[OO23]*f§0J(7)M^^;£[Z^Ue v >^>^;ixS^J^J^^ffl1-^^v7D;US^ 



J^fU> s p->h+vXfbX p-t-^JUX^>, p-n-^fjl/XfU>, p- 

<tLT(£, ;W'j;Hi^;u N ;WJ;H£x^;k ;WJ;Hi?>;k ;W'j;Hiv 

<7'j;Hi^>;u N 7<7'j;Hi2-x^;u/s^rv;u^^[f btL, ftlzJf^U^JI*. 7 
<7'j;Hi^;k 7^'j;u^^;m^3F,^) 0 ^Md, (^WJ;Ht2-tKi=i^v 
x^;u N (^)T^ij;Hi^'jvv;u, (>*)7£'JJU&75h\ N-MSI(^) 
&75h\ 7<7Up- h'JJk >*£'JP=HJ;k ?-7;H£ii7k^ ^-7;Hi^^;u N 77 
;H|x^;u^(7)^^;i,S^t4^a^^ffl«c«t^T:^^)o ±IE(7)r(*$0 

#&<DT\ Jf*L<(*0. 5~8mo\&J\,)/U i J'yH\,)s ftClJfSLlVDtel ~4mol 

0S£^te#];tJ£[*,$f£L<[*O. 1~100mmol(5^;U)/L('JyM,) s !ft[C# 
£L<(iO. 5~50mmol/L-C&-6o J*^(A)(D5i^JR^ft:(D2iJS[4, Jf£L<l*0. 
1 ~50mmol/U ft[Cjf£L<l*0. 5~10mmol/Lt'feSo i£#(C)<D75 

£?£L<(£1 ~200mmol/U ftlC#£L<l*1 0~50mmol/LT*&-&, 
[OO25]»0^(7)M^;£[ZfcLNT, 'J £>77^;I/S£J5J£IIf1*&[Z|8LT l± s M 
fl<D£7&^St4m{*<7)#fflmT, J5f5§SS(3 % lift:, mt&s 75>(J&#(C))& 
t;M##lim(^(A))^b^;I^^ML, -*i[zS£P^£iJ(J&#(B))£ 
2jn*3ci:rt<Jf£U^o C<D£a(3LT!#bftfc;II£!$)£, 0IJ*I*\ 60-1 20°C(7)IgHI 

[0026]S£J5J£*£7&, 0IJ*tf, S££J&££0°CJilT, ^L<li-78°C|SJt(Z 

^spltjsjs^ ±$#, ^x+)\s^m(D^mm%xfRm : M£m$:mRu ^ 

[0027] 

[0028]^, uT(DmMimt>mzttm¥\izt$i\x, mzmotjumVs ^mt 
±xn.mmmjsxnm%Tx-?ri\ ummitnm^mmiz&wmL, sjs^ic 

[0029]S^(7)S^$[i, JSJ^;Fb^;S^0m«^(7);lJt^x<7PTh^^- 

[0030]t#btlfcS^*(Dift¥^^M(Mn) s SM¥^^M(Mw)W^M 



*7A->a- x^XK-805L(3*i!51J) 

: P^I/ASJS : 40°Cj£iiJ2§ : Rl&tf UVjftil : 1 ml/#[003 1 ]H «J 1 * 
^'J;Hl^f L ;U4. 28ml(40. 1 mmol), hJH>3. 57ml&tf n-3j-$*>0. 856 

OOmmol/l_h;UX>;||;$0. 800ml(0. 401 mmoD^D^., W{*$p P^V^^ 1 
yUv^P^^VX-^exCh'J^x-./UT^X^^);^— ^A31 . 9mg(0. 0401 
mmol)£^ST*an*T+#[C^#U:g&[Z2-£PP-2, 4, i-bVWbVjls* 
;Hiv^^;U(7)802mmol/Lh;UX>;§;^0. 499ml(0. 401mmol)^Mfcoi 

[oo32]S^J5^^$^6B#r B 1^MLfc0t,#T\J5J^;I^;^-78 o c[z;^p« 

£¥$#Tm(Mw)[*4100^^TMw/Mnl*1. 08T?S>ofc 0 c?b(Z s -?-0)GP 

[0033]H»J2H»J1 Clfcivt, S^SJt^H^Lr50B#r B 1^IZjf ±^#/rja 

^;KDS^$[*95%, JKJS^^lZ^-r-S/K'J^^'J^KWKDMnlil 2700, 
Mwli 1 4900, Mw/Mnli 1 . 1 7T?&y , GPCfflHtt^tttt^&ofco 

[0034]H»j2^H»ji tlk«-r*L[iWP>3&^«i:«fe5(3S^**Ji**1i:*t, ^ 

[Z[5[^J:b^JLT!#b^S^^(7)Mn^igX-r^^\ Mw/Mn<Dfflj&*1 [ZjfiLxffilZ 

[0035]ik$X^Jl^^^ l >l;Ht^T;U4. 28ml(40. 1mmol),h;H>1. 28mlXt/n 
-7h<7^>0. 856ml^vzLU>^JSJ^tlz^lsL, iSj-[z;I£Lfc 0 Z(D : M^mmz 
7;U5— ^Ahyt-"^h4r s >h*a)125mmol/Lh;UX>j§jS3. 20ml (0. 401 mmo 
l)^P^, OL^'ev<7PPh l >lX(h l >l7'x-;^^X7^>)>'^7 L -^A191 . 8mg(0. 20 
0mmol)^S^P^T+^Mztf#L,ft^(Zv>7PP7irh7x/>(7)1030mmol 
/Lh;UX>;!§;&0. 389ml(0. 401 mmol)^D^.fc 0 t#btlfc;I^^^80 o C[Z^]P;^ 

[0036]S£J5J££|§S*&LT1 50B#P B 1^iI^ J5f5;I^?S$— 78°C[z^ip-rSci: 
[z«fcy, s^sjS^±$iJ:fc 0 **£y;ui8^;u<&S£$ii94%T*&y, J£ 
jS;l^?a*(z#s-rS/-Ky^^y;uK^KDMnii9ooo s m w i*i 29oot% fto 

TMw/Mnli1. 43T?feofc 0 

[oo37]nwn %.x$2tttmm t^^tmrtiim^t^iz, ^%momtm^ 

^ffl^fcii^li.^W^^ffl^T'&^^MilfrtLT^PPh'MChy^x- 
[0038]J;b$^iJ2^^'7 i ;;Hi^T;U4. 28ml(40. 1 mmol) „ h;UX>1 . MmUktfn 



T;U5-^AhU^V^°P'"K^vK(X)125rnmol/Lh;UX>;§;^3. 20ml(0. 401m 

»;Ux-^A31. 9mg(0. 0401mmol)^;U^P^T+^[Zjl#L,fttt[32- 
<7PP-2, 4, 4-h l J^^;^;^;^V>^U08O2mmol/Lh;UX>;§;^O. 49 
9ml (0. 401mmol)^D^.fc„ ?#b*lfc;I£^£80°C[Z;&P;^-£^<t[Z£l<J S£J£ 

[0039]S£J5f&£^*&&31 3B#r B 1^iiLfc0#^T:\ J5J£;I£$£-78°C[::#£P 

S£¥J$#^m(Mw)[*1 1200^ftoTMw/Mnfi1. 1 7t?feofc 0 
[0040]||«ij2<U:bf5^<t£J:bfrr^ 

[004l]Hli37fU>5. 04ml(44. Ommol) N h;UX>3. 52ml&tf n-^* 
5>(T)500mmol/Lh;UX>;§;^0. 880ml(0. 440mmol) O^Tr^P P^ 

>^p«T;Uv<7P^>^vx-;uex(h l J^x-;U7tNX^>);U7 L -^A35. 0mg(0. 
0440mmol)^^S^P^T+^(Ztl#L,ft^[Z2-^PP-2, 4, 
^;^;H^V>^;K7)802mmol/Lh;UX>;i;^0. 549ml (0. 440mmol) £flP*. 

tco #bftfdl£^£i 00tlzftiS-r*^t[z«feyS^J5J£*BBi&*1i:fco 
[0042]S£&j££M&fc8B#|li]«iiLfcB#j£T?, J£J£;I£$£-78°C[ztfr£p-f3 

;S4 3 [Z#S1"'g)/-K , M5 1 U><X)Mnl*2900, Mw[*3100T:\ totMw/Mnlil. 0 
7tSiofc„ £b(C, ^<Z)GPCffl|||[*^lllf 14T*feofco 

[0043]HWJ4HWJ3(Z^LNT, S££J££i]#iLT51 Bt^^lzif ±$#fcJ2l 
W*. llflfe0]3^*i[zS£J£f&£fTl\ mfflzftffiLtzo *<D&m* X^U>(7)S£ 
$[£91 %, J£j£^[^£1-£7KUX^U>0Mnl£l 1 000, Mwlil 2000, Mw 

iZ\%&tmLXmt>tl&m£{*(DMni3mX?&tf, Mw/Mn(7)fit^1 (CjfilMitC: 

[0045]J±$£$J3X^U>2. 52ml(22. Ommol) „ HUX>4. 24ml&t;n-7|-^£ 
>0. 504ml£vz L U>^J£j£i : [z$lJlU ^-l3;I£Lfco -(7);I^;§;S[ZT;U5- 
^Ahy^V^P#*2/h^D125mmol/Lh;UX>&;ft3. 52ml (0. 440mmol)£}jP 
H., OLNTTV^PPh'MCh'J^x— ;U/t^7-r»;U-T— ^105. 5mg(0. 110mm 
ol)^;^^P^T+^Mz|f#L,fttf[32-^P^-2-^;U^ 0 P/^>Iix^;U(7)1 
030mmol/Lh;UX>;§;^0. 214ml(0. 220mmol) $-JPjtfc e !#btL/c;I^^^ 
l00 o C[z^p^-r^,^<i:[zJ;yS^^^lf1^$-tifco 

[0046]m££J6£MifcLT50B#H«fflLf::B#j£-e, J£J£;I£$£-78°C[::#£P 
Jl^jft^l-^f -STK'M^UXDMnttQSOO, Mw(*1 6800^\ fotMw/Mn 



[0048]HWiJ57^U;Hi>^;U3. 42ml(38. Ommol), hJH>4. 27ml&t£n 
-7h7£>0. 684ml$-i/iUX7J5J£ei3ffiffiL, Ej-(Z;g£Lfco -0;I£;£;£[Z 
V^>;UT5>(T)500mmol/Lh;UX>;§;^0. 760ml(0. 380mmol) &1X\7Ls "Z>L N 

3mg(0. 0381 mmol)£^T^P*T+:#IZ*l#U Jt&[Z2-^P^E-2-^;U 
^°P/'\>lix^;K7)1030mmol/'Lh;UX>;§;^0. 369ml(0. 380mmol) £}JP*. 

^o!#b^dI^^^80 o C[z^S1-^z<t!z^ym^J5J^^^^1ifco 
[0049]S£J5J££P^&2B#P B 1l£MLfc^^ 

JKJSjl^jft^lZ^-r-S/K'JT^'J^KWKDMnliSlOO, Mwli4000T?, fto 
TMw/Mnli1 . 29T?feofc 0 £b(Z, ^0GPCfflfe|lim^t4T?feo/i o 
[0050]||»J6||»J5[ZfcXNT,S^S^^^Lr24B#r B 1^[Zjf±$#^ja 

141 1 200, Mw/Mn[*1 . 27^^, GPCfflHli**14-Cfcofco 

[0051 ]*ffi«6**«Sfii5tlk«-r*L[iWP)3&^«i:«fe5(3S^**Ji**1i:*t, **i 

[Z[5[^J:b^JLT!#b^S^^<X)Mn^X-r^^\ Mw/Mn(Dtt^1 [Z>£(,Nfit[Z 

[0052]ik$X^iJ4T > 7 l >l;Ht^T;H . 71ml(19. Ommol), h;UX>4. 22ml&t/n 
->j-£$M). 342ml£vz L U>>7J5J£ l f fZ^ISU ±Sj-[z;I£Lfc 0 Z(7);I£;§;&[Z 
^AHJ^V^P7K^S/h^D125mmol/LHUX>^$3. 04ml (0. 380m 
mol)^P^,OL^T-V'7PPh l JX(h l J^x-;^7t^X^>)>'^7 L - r 7A91. 1mg(0. 0 
950mmol)^S-e^]PH.T+^[Ztf^L,ft^lZ2-^P^-2-^^;U>'°P/'v>i^ 
X^;U01O3Ommol/l_h;UX>;||;$O. 185ml(0. 1 90mmol) &1)UZ-tz 0 *#bft 

/c;I^^^80 o c[z^]PS-r^c<t[z^ys^J5^$lf1^$-tifco 
[0053]S£J5f££^*&&1 45B#r B miiUr0t J5J£;I£;i££-78 0 C[Z#£P 

fc, JSJ^jI^^^fZ^-r^/K'JT^'J^lt^^KDMnlieSOO, Mwl±1 09001?, 

totMw/Mnlil. 60Tffoo/i 0 

[0054]||«ij5;&t;6 < tJ±$^iJ4^ 

^fflL^li^(i,*^0J(7)tEffl^T:-fe^l^]im<!:Lrv>7PPh i ;x(h i ;7x- 

^[zib^^M^^K^oS^r^il^c^^^^o 

[OOSSlHW^^^^'^HI^^yUS. 21ml(30. 0mmol) N -7<7iJ;Hip(^;U2. 70 
ml(30. Ommol), h;UX>5. 66mi;&tfn-3i"£$>1 . 1 Sml^VZLU^J^ffZ 
fffl&U &J-[Z;I£Lfc 0 Z0;I^;^[Zh l J^;i/75>(D4OOmmol/Lh;UX>;§ 



jftl. 50ml (0. 600mmol)^^]P^. N OL^^PP^>^^^;Uv<7P^>^vX-;ue 
X(h'J^x-;U,1sX^»;U7 L -^A47. 8mg(0. 0600mmol)£^ST?Jn*.T+ 
^[^l#L,att(32-<7PP-2, 4, 4-h'J^;U^;U^;Hiv^^;K7)802mmol 
/l_h;UX>;£;$0. 748ml(0. 600mmol)*Hifc„ #btLfc;I^!fel*80 o C[ZjPS 

[0056]S£j£j££P^£1£59B#p B 1l^ 

-7<7iJ;Hi^^;U)^>^AftS^f*0Mnli9OOO, Mwlil 0900T:\ totMw 
/Mnl*1. 

[0057]J:b$^ij5^^^ l J;Hi>^;U2. 14ml (20. Ommol) J^J^SSWH. 80 
ml(20. Ommol), h;UX>1 . 68mlSt^n-^^>0. 788ml£vzi.U>'7j§;j£i : 
izm&U &}-lzm$Ltz 0 C(7);I^;^[ZT;U5-^Ah'Jt-^h^>K(7)1 25mm 
ol/Lh;UX>JSjft3. 20ml(0. 400mmol)Jllli, OL^i/^PPHJ^(HJ7i- 
;U/1sX^»;Ux- r 7Al92mg(0. 200mmol)£^^P*T+^NZ*l#U 
lZ|ZgJtt^btt*<D1030mmol/Lh;UX>JSjftO. 389ml(0. 400mmol)£J]P;Lfco 

[0058]S£J5J££^J&&1 80B#fy]&ia&, J5J£;I£;££-78 0 c[z;t£p«z<t[z 
*L-?*L92%at;77%-c&y, £j£;I£$*[z#£«tK'J (;WJ;Hg^ 

;U-7^y;Ht^^U)7>^A^M^i*0Mnli6OOO, Mw(i9500T:\ totMw 
/Mnl*1. 58T»&ofco 

[0059]||»j7<tJ£$3H9iJ5<t£^ 

[0060] 



